Oxidative stress shapes breast cancer phenotype through chronic activation of ATM-dependent signaling.
Reactive oxygen species (ROS) are thought to be among the initiating insults that drive carcinogenesis; however, beyond the mutagenic properties of ROS, it is unclear how reactive oxygen species and response to redox imbalance may shape cancer phenotype. We have previously observed that basal activity of the powerfully oncogenic transcription factor NF-κB in cultured breast cancer and other tumor cell lines is dependent upon the DNA damage-responsive kinase ATM. Here we show that, in MDA-MB-231 and HeLa cells, basal ATM-dependent NF-κB activation occurs through a canonical DNA damage-responsive signaling pathway as knockdown of two proteins involved in this signaling pathway, ERC1 and TAB1, results in loss of NF-κB basal activity. We further show that knockdown of ATM in MDA-MB-231, a breast cancer line with a pronounced mesenchymal phenotype, results in the reversion of these cells to an epithelial morphology and gene expression pattern. Culture of MDA-MB-231 and HeLa cells on the antioxidant N-acetyl cysteine (NAC) blunted NF-κB transcriptional activity, and long-term culture on low doses of NAC resulted in coordinate reductions in steady-state ROS levels, acquisition of an epithelial morphology, as well as upregulation of epithelial and downregulation of mesenchymal marker gene expression. Moreover, these reversible effects are attributable, at least in part, to downregulation of ATM-dependent NF-κB signaling in MDA-MB-231 cells as RNAi-mediated knockdown of the NF-κB subunit RelA or its upstream activator TG2 produced similar alterations in phenotype. We conclude that chronic activation of ATM in response to persistent ROS insult triggers continual activation of the oncogenic NF-κB transcriptional complex that, in turn, promotes aggressive breast cancer phenotype.